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Abstract: In order to reveal the effect of material performance degradation on the seismic safety of
bridges in mountainous service environments, time-dependent models of material deterioration in
mountainous areas were obtained according to the laws of concrete carbonization and reinforcement
corrosion, and a time-dependent seismic vulnerability analysis process for bridges was proposed by
adopting the incremental dynamic analysis (IDA) based on the demand to capacity ratio (D/C ratio).
Based on a typical rigid frame bridge with high piers in a certain mountainous area, the time-dependent
laws of seismic vulnerability corresponding to the bridge components and the system were studied.
The results show that with higher degree of plasticity development the bridge components, the influ-
ence of material deterioration is more significant, and greater curvature ductility coefficients can be an-
ticipated within the components. The material deterioration has a greater impact on the seismic vulner-

ability of the components along the longitudinal direction compared to that along the transverse direc-
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tion. With a longer service life, the components suffer a higher level of damage probability. The upper

limit of damage probability of the bridge system is higher than that of any components, and the ad-

verse effect of material deterioration is also mainly reflected in the longitudinal direction. The exten-

sive damage probability for a bridge in service for 100 years is increased by 100.86 % at 0.8g due to ma-

terial deterioration along the longitudinal direction in comparison with a newly-built bridge. The effect

of material deterioration on the seismic vulnerability of bridges cannot be ignored, and the vulnerabili-

ty assessment at the component level is not sufficient to reflect the vulnerability of the bridge system.

Keywords: bridge engineering; time-dependent seismic vulnerability; rigid frame bridge with high

piers; material deterioration; critical components; bridge system
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Fig. 6 Time-dependent vulnerability curves of critical sections of Pier #1 along the transverse direction
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